Objective: Adrenocortical carcinoma (ACC) is a rare disease with an estimated incidence of one to two cases per 1 million inhabitants. The Dutch Adrenal Network (DAN) was initiated with the aim to improve patient care and to stimulate scientific research on ACC. Currently, not all patients with ACC are treated in specialized DAN hospitals. The objective of the current investigation was to determine whether there are differences in survival between patients operated on in DAN hospitals and those operated on in non-DAN hospitals. Design: The study was set up as a retrospective and population-based survival analysis. Methods: Data on all adult ACC patients diagnosed between 1999 and 2009 were obtained from The Netherlands Cancer Registry (NCR). Overall survival was calculated and a comparison was made between DAN and non-DAN hospitals. Results: The NCR contained data of 189 patients. The median survival of patients with European Network for the Study of Adrenal Tumors stages I-III disease was significantly longer for patients operated on in a DAN hospital (nZ46) than for those operated on in a non-DAN hospital (nZ37, 5-year survival 63 vs 42%). Survival remained significantly different after correction for sex, age, year of diagnosis, and stage of disease in the multivariate analysis (hazard ratio 1.96 (95% CI 1.01-3.81), PZ0.047). Conclusion: The results associate surgery in a DAN center with a survival benefit for patients with local or locally advanced ACC. We hypothesize that a multidisciplinary approach for these patients explains the observed survival benefit. These findings should be carefully considered in view of the aim for further centralization of ACC treatment.
Introduction
Adrenocortical carcinoma (ACC) is a rare disease with an estimated incidence of one to two cases per 1 million inhabitants (1, 2, 3) . The prognosis is stage dependent with overall 5-year survival ranging from 84% for stage I disease to 15% for stage IV disease (4, 5, 6, 7) . Aggressive surgery is the treatment of choice, since radical resection is the only chance of cure (7, 8) . Specialization of surgical treatment in rare conditions has been a controversial issue for many years, but increasing evidence suggests that treatment outcome is improved by centralization of care in specialized, high-volume centers (9, 10, 11, 12) . There is supporting evidence that this is also the case for adrenal surgery (13, 14) .
In The Netherlands, ACC patient care has been concentrated in the (eight) University Medical Centers for many years, due to regional patterns in the assignment of patient care and the historic role of the university hospitals as referral centers for complex pathologies. The Dutch Adrenal Network (DAN) was founded in 2004 by local specialists in the Máxima Medical Center (MMC) out of special interest and expertise in ACC. The DAN consists of the eight university hospitals and the MMC. The aim of the DAN was to formalize the existing practice of collaboration among these centers and to improve patient care, primarily for patients with ACC. The DAN stimulates (international) trial participation, facilitates research in adrenal diseases, and organizes meetings of experts, where research progress and clinical cases are discussed. Currently, treatment of ACC patients in The Netherlands is not performed exclusively in DAN hospitals. Whether or not a patient is directed to a DAN hospital is at the discretion of the treating physician.
Optimal treatment of ACC should be approached in a multidisciplinary way, and possible combinations of surgery, adjuvant therapy with mitotane, and cytotoxic chemotherapy for advanced stages must all be considered (7, 15, 16, 17, 18) . The lack of adequate expertise and/or facilities could be an argument for centralization of treatment (4, 19) . A previous study carried out by our group demonstrated that treatment in specialized centers was beneficial to ACC patients, because improved survival was observed in patients initially operated on in DAN hospitals than in those initially treated in non-DAN hospitals (20) . That study included patients treated between 1965 and 2008 (nZ175) and recruited patients only from DAN centers, resulting in a selected population. The absence of data on patients who were treated in general hospitals and were never directed to a DAN center was regarded as a serious limitation of that study. The objective of the current investigation was to confirm and strengthen the previous results using a population-based study design that excludes selection bias in the best possible way. The aim was to determine whether overall survival differs between ACC patients who underwent surgical treatment in a DAN hospital and those who were operated on in non-DAN hospitals.
Subjects and methods
The Netherlands Cancer Registry (NCR) is a nationwide, population-based registry, which has been collecting clinical data on cancer patients since 1989. It contains data on all patients who have histopathologically proven disease as well as most patients with cancer diagnosed otherwise. The registry also records the hospital where the patients were treated.
In The Netherlands, all hospital pathology departments participate in a nationwide network (PALGA), which supplies the NCR with lists of patients and their corresponding diagnoses. In addition, the offices of hospital medical records supply the NCR with lists of the diagnoses of outpatients and hospitalized cancer patients. Trained registrars from the NCR extract information on patient and tumor characteristics from the medical records. Topography and histology are coded according to the International Classification of Diseases for Oncology (ICD-O) (21) . For this study, we selected adult patients who were diagnosed with ACC between 1st January 1999 and 31st December 2008. Pediatric patients were excluded because ACC in young children has been proposed to be a disease entity that is different from ACC in adolescents and adults. This is based on differences in presentation and survival and the strong association with p53 mutations in young children but not in adults (22, 23) . The following items were used: sex, age at the time of diagnosis, tumor laterality, disease stage, type of hospital in which surgery of the primary tumor was performed (DAN or non-DAN hospital), method of establishing diagnosis, and overall survival. Notably, the use of mitotane is not registered in the NCR. Vital statistics in the NCR are updated on a yearly basis through a link with the Municipal Personal Records Database, which contains personal files for everyone who lives or has lived in The Netherlands. In order to have at least 1 year of follow-up, the end of the observation period was 31st December 2009. The disease stage of ACC is registered in the NCR according to the 'Extent of Disease' (EoD) staging, based on clinical information and histopathological examination of the tumor (24) . In order to facilitate the comparison of our data with those of other studies, the EoD staging was converted to the system proposed by the European Network for the Study of Adrenal Tumors (ENS@T) staging, which is currently accepted as the 'gold standard' in ACC research (Table 1 ) (5, 25). Because the NCR does not register tumor size for ACC, it was not possible to differentiate between ENS@T stage I and ENS@T stage II.
Statistical analyses
Between-group differences for the continuous variable 'age' were evaluated using the Kruskal-Wallis test followed by a post hoc analysis using the Mann-Whitney U test with Bonferroni's adjustment (aZ0.02). The c 2 test was used for comparison of the remaining categorical variables. The Kaplan-Meier estimator was used for the univariate analysis of survival data. The log-rank test was used for unadjusted comparison of survival data between DAN and non-DAN hospitals. The Cox proportional hazards regression analysis was used for the univariate and multivariate analyses for patients with ENS@T stages I-III disease. The proportional hazards assumptions were verified graphically. Stage IV patients were left out of the Cox model because clinically these patients belong to a different category. Only palliative treatment is possible for these patients, which means that the influence of the covariable 'surgery' is not expected to be constant in time or to be comparable to that observed in the other subgroups.
Patients for whom the stage of disease was unknown were also left out of the Cox model. The results of the Cox model are reported as a hazard ratio (HR) with 95% CI. A two-sided P value !0.05 was considered significant. All statistical analyses were performed using SPSS 19.0 (IBM Corporation, New York, NY, USA).
Results

Patients
In this study, 189 patients who were diagnosed with ACC between 1st January 1999 and 31st December 2008 were enrolled. The diagnosis was confirmed by histological examination in 183 patients (97%) and by cytological examination in five patients (3%). The diagnosis was based on clinical grounds in one patient. Median age at the time of diagnosis was 55 years (range 22-84, Table 2 ). Median age was significantly higher in the non-operated group than in the DAN group (P!0.001) and in the non-DAN group than in the DAN group (PZ0.009).
There were 111 female patients (59%). Left-sided tumors were observed in 103 patients (55%); there was one patient with bilateral tumors. Sixty-seven patients (35%) had stages I-II disease at the time of diagnosis. Stage III disease was confirmed in 27 patients (14%) and stage IV disease in 72 patients (38%). There was no information on tumor stage for 23 patients (12%). Among all patients who underwent surgery (nZ139), 70 underwent primary surgery in a DAN hospital (50%), 54 patients were operated on in a non-DAN hospital (39%), and 15 patients underwent surgery, but there were no data on the hospital in which the patients were operated on (11%). Fifty patients did not undergo surgery.
Survival
Overall median survival was 19 months (95% CI 8-29 months). Among patients with ENS@T stages I-II disease, median survival was not reached (Fig. 1) . In the Stages I-III Among patients with ENS@T stages I-III disease who were operated on in a DAN center (nZ46), median survival was not reached. After 1 year, 93% of the patients were alive and 5-year survival was 63% (Table 3 ).
In the group operated on in non-DAN hospitals, median survival was 49 months (95% CI 24-75 months; nZ37, PZ0.044, Fig. 2 ). One-and 5-year survival were 78 and 42% respectively. The patients who underwent surgery, but for whom the hospital of surgery was unknown, had a median survival of 26 months (95% CI 3-49 months), with 78 and 22% 1-and 5-year survival respectively. All patients for whom the hospital of surgery was unknown were operated on before 2004.
In the univariate Cox proportional hazards analyses, age at diagnosis, stage of disease, and surgery in a non-DAN hospital were significantly associated with the risk of death. In the multivariate analysis, these effects remained significant: surgery in a non-DAN hospital (HR 1.96 (1.01-3.81), PZ0.047), age at diagnosis (HR 1.05 (1.01-1.08), PZ0.005), and stage of disease (HR 3.08 (1.56-6.10), PZ0.001; Table 4 ).
Stage IV Patients with stage IV disease who did not undergo surgery (nZ38) had a median survival of 2 months (95% CI 1-3 months, Table 5 ). In comparison, patients who did undergo surgery regardless of the type of hospital (nZ34) had a median survival of 10 months (95% CI 4-16 months, P!0.001). There was no significant difference in survival between patients with ENS@T stage IV disease operated on in a DAN hospital and those operated on in a non-DAN hospital (median survival 9 vs 20 months, PZ0.955, not given in the table).
Discussion
The results of our population-based study confirm that surgical removal of the primary tumor in a DAN hospital is associated with a survival benefit compared with primary surgery in a non-DAN hospital for patients with local or locally advanced ACC.
Our previous study showed a survival benefit for patients who were operated on in DAN centers compared with those operated on in non-DAN centers, similar to the one observed in the present study in stages I-III patients (20) . The prior study contained only data of patients who had been treated in a DAN center at any time during the course of their disease. This design resulted in a selected population because patients who were treated and followed up in non-DAN hospitals were missing. The present study is based on the independent NCR and includes patients diagnosed between 1999 and 2009. This results in a population that approaches as close as possible the true number of all ACC patients in The Netherlands. Compared with the prior study, an additional 98 patients from 1999 to 2008 were included, from which 30 were operated on in a non-DAN center, 16 in a DAN center, and 15 in an unspecified hospital. Thirty-seven patients did not undergo surgery.
A German study has suggested that patients who were initially treated in a specialized center had a better outcome than those initially treated in a general hospital (4). However, statistical power was limited, and a survival benefit was only demonstrated for stage II patients. Arguments in favor of centralization were that patients would benefit from the more frequent use of adjuvant therapy, expertise of experienced physicians, and a more individually tailored follow-up. Another recent series has reported superior disease-free survival for a group of 28 patients who underwent primary surgery in a specialized center compared with 190 patients who were transferred to that institution after treatment in other hospitals (26) . Similar to the previous Dutch study, these studies are compromised by selection and referral bias, because all patients were included solely from specialized centers. In such a design, the number of patients curatively treated in other hospitals without recurrent or metastatic disease remains unknown. The strength of the current study design is that selection bias is virtually ruled out, as all confirmed cases of ACC are included. Notably, the total number of 189 patients matches with an expected incidence of one to two cases per million for a population of about 16 million inhabitants during a 10-year period. The population-based setup also has a drawback: it does not facilitate the determination of the underlying cause for the survival benefit because the cancer registry does not hold many details about individual patients. We speculate that the explanation lies beyond a mere increase in surgical volume. In a DAN hospital, ACC patients are discussed preoperatively in a multidisciplinary team including an endocrinologist, surgeon, oncologist, radiotherapist, and radiologist. Adjuvant treatment is carried out according to up-to-date guidelines and most DAN centers offer the possibility of participation in international trials regarding ACC (27) . All aspects of treatment, from disease staging to follow-up visits, benefit from a multidisciplinary approach taken by physicians who are experienced in treating patients with ACC. If it is assumed that patients who are operated on in a DAN hospital have received additional treatment and follow-up there as well, the observed survival benefit for primary surgery in a DAN center can be extrapolated to 'treatment in DAN'. Whether or not patients who are operated on in non-DAN hospitals received additional treatment later in the course of their disease would not change the interpretation of the present results.
The concept that rare diseases should be treated in a limited number of specialized hospitals is intuitively logical and is increasingly instituted in health care systems. In The Netherlands, a centralized approach has been introduced for other rare diseases such as esophageal/gastric cardia cancer and pancreatic cancer and has proven to be effective (28, 29, 30) . In highvolume oncological diseases such as breast or colon cancer, centralization of care is a big issue as well. The effects of introducing minimum volume requirements for oncological surgery have recently been investigated in The Netherlands. Interestingly, this report shows that low-volume centers do not necessarily perform worse than high-volume centers. This suggests that besides surgical volume other factors are responsible, which is in agreement with our hypothesis regarding the treatment of ACC in DAN centers (31). The survival benefit in stage IV patients who underwent surgery vs those who did not has been observed before (20) . Because this observation is probably in part attributable to selection bias, these data have to be interpreted with caution. Based on theoretical reasoning, a radical resection might be beneficial in stage IV patients. Debulking surgery might alleviate symptoms and yield a survival benefit in patients with slowly progressive disease. Surgery of stage IV patients is mainly performed in specialized centers. In contrast to the stages I-III group, no significant difference in survival was observed between DAN and non-DAN hospitals for stage IV patients.
The present study has limitations. As has been mentioned earlier, detailed information on individual treatments or course of disease was not available, which means that it was not possible to confirm the cause of the observed survival benefit or to compare disease-free survival between the two groups. Also, the lack of a central pathology review makes the NCR dependent on the accurate registration of the true diagnosis by the local pathologist and physician. Finally, referral bias cannot be excluded.
The present population-based study associates surgical removal of primary local or locally advanced ACC in a DAN center with a survival benefit compared with patients treated in a non-DAN hospital. The study design does not permit the determination of the cause of the difference. However, the authors believe that these findings underscore the need for further centralization of ACC treatment. Initiatives have been undertaken to raise awareness of the disease and the DAN and to intensify collaboration between the DAN and the ENS@T.
